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EXECUTIVE SUMMARY 

Row volumes mrougb me proposed Confined Disposal Faciliry C (COF-C) at ew Bedford Harbor were 
esomated based On groundwater now models of me CDF in the regional fl ow field and local tidal 
characteristics. Both systems were simulated using me MODFLOW numerical code and me Groundwater 
Vistas simulation intenace. 

The regional aquifer was represented usiug a fuU mtee dimensional cllaractenzation of me local aquifer 
extendmg from the harbor on the east to the western extent of sign ificant valley deposits. Bonngs from 
field uwe ligations related to the CDF design and prior construction we re used to determine the bedrock 
elevation. and the location. thickness and elevation of tratified deposits. clay strata and anificial rut. For 
the most part, the clay is preseOl under the harbor. thinning out to me west The bedrock IS deepest 
underlying the harbor and slopes upward to me west. The stmtifled deposits fill the bedrock valley and 
are therefore deepest in the ceruer of me valley and thinning as the bedrock elevation increases. 

The hydraulic conductivity of the clay stmla nnd stralitied deposits were set based DO slug tests and the 
calibrntion to measured piezometric head data. The hydraulic propeni of the dewatered sediment, CDF 
sand. and barrier waU components were establIshed from the Foster Whlleler COF C deSign. 

The following eight imulaLions were performed of me regi onal flow mOdel: 

J. lined COP-C. base ca e 

2. unlined CDF-C base case 

3. CDF-C lmed only on west Side 

4. lined CDF-C, wim 10.000 square foot hole io the underlying clay 

5. lined CDF-C with double permeability in underlying clay 

6. lined CDF-C with rechnrge lllto CDF increased by factor of 100 

7. unlined CDF-C, with 10,000 square foot bole In the underlying clay 

8. unlined CDF-C with double permeability in underlying clay 

For each case, the 3D-year and I ~O-year flow volume in and out of each of the components of the CDF 
were presented to summarize the results . 

The piezometric head in side CDF-C was found to recover from its iRitial elevation of - I feet to an 
equilbrium elevation In xcess of I foot within a year. This caused an initial inflow into the COF-C 
sediment layer during [hat first year. The liner reduced Hows from the COF sand layer to me harbor from 
7.1X106 ft' over 100 year>; to 2.9xLO' ft' over tbat same period. The flow through and from the upper 
sediment layer within CDF-C was not impacted to the same extent as the sand layer as the barrier 
perrneabilities provided only a small increase in resistance to flow relative to the low permeable 
dewatered sedimenL The flow ' from the sediment laycr of the CDF 10 the harbor decreased 00 addiooo 
of the liner fro m 7. lxlO' ft' 10 2.0xlO' fe OYer the 100 year si mulauo n due to an illcre.1se in the 
equilibrium head elevation in the lined CDF scenario. 

Holes in the clay liner and/or increa ed permeability in the clay liner, increased flow through the sand 
base of the CDF, but did not impact significantly me outflows from the serumeR! layer of the CDF. 
Increasing the recharge by a factor of 100 IIIcreased the sediment oUlflow from the sediment layer by a 
factor of l3 Over the 100 year simulation . 

2OIl l -Ot 7-012B 
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The tidal model was constructed as a two dmlcnsional venical SlOp represeming a typical east-west 
profile. It extended from the harbor , through the CDF to Its western boundary. The base elevation IS 
-4 feet, overlain by 3 feet of sand and four feet of dewatered oehment within the CDF. Both the unlmed 
and lined COF design weI? evaluated. 

The pIezometric head within Lbe lined COF varies on the order of 0.001 feet, WIth total CDF outtlow from 
Lbe CDF amounting to 2.lxlO' ft' over Lbe 100 year period. The unlined CDF operates very differently 
than the lined CDF, with 'ignificanL tidally derived head change; In the CDF and and a total outflow of 
5.5x106 ft' over that same penod. There is less change m pie1.ometric head m the overlying edimen!. 
however this creates oscillating verucnl flows between Ihe CDF sand and the overlymg contaminated 
sediment tbnt wou ld tend 10 spread the PCB cont..aminauon to the CD and. The IOtal estimated water 
volume nowing from the dewatered sediment (layer 4) (0 Lhe underlying sand (layer 3) over th31 p~riod 
would be 3.9xl O· ft' for the lined CDF and 7 .1 X I 0' ftl for the unlined CDF over the 100 year s.imuiatlOn. 

PCB los es were estimated from CDF C using the modeled groundwater flows and the groundwater 
outflows from the tidal simulation. Analogous to previou~ loss timales devtloped for the Record of 
Decision (ROD), the PCB losses were estimated by using a pore water concenlmlion of PCB with the 
groundwater flow determined from the groundwater modeling. 

The PCB pore water concentration used is based on balch leaching tests conducted by the UNled States 
Army Corps of Engineers Waterway Experimen t Slation. which represe11l a hydraulically placed dredged 
sedimenL with a composite PCB sediment concentration of 1500 to 2150 mglkg. The use of the PCB pore 
water concentrations from the batch leaching tests, althougb not uniquely specific to dewstered sediment 
placernen~ are conservanve whet1 considering that the column leaching lests conducted 011 the SlIme 

sample were of an order of magnitude lower. However, pore water concentratIons in dewatered sediment 
could be higher which would make these esti mates conservati ve. 

The PCB losses estimated from the groundwater rnode1ingugge (ed thaI the mass of PCB exiti.ng the 
dewatered sediment in the CDI.' would nOI exceed !he 7.8 k.g LImIt reponed ill the ROD. Conversely Lbe 
PCB losses esumllled from the tidal simullllion suggests thai the mass loss of pcn eXlstmg the CDF WIll 
resuh In a net loss of 9 kg of PCB over 30 years, exceeding the IimiL reponed in the ROD. 
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1.0 INTROD CTION 

A model of groundwater flow was constructed to estimate the flow through the proposed confined 
disposal facility C (CDF-C) of the New Bedford Harbor Superfund Site. The goal was to estimale the 
mass loss of polychlorinated bip.henyls from the CDF for severnl des ign alternatives. Designs presently 
under conslderalJoo tOclude an unlined facility, a faci lity with a circumferential barrier wall, and a barrier 
wall on the west Side of the CDF. 

The groundwater model will be used to directly estimate tbe volume of waler that will escape from or 
pass through the CDF-C over a lOO-year period. Based on the results of lab scale leacb.ing tests 
performed on ,ediment from the harbor, a concentration will be a sociated with the estimated waler 
volume 10 delemune the PCB mass loss, This mass los will be used to determ ine the cast effectiveness 
of various strntegies in reducing losses and enable companson of the CDF-C performance with the design 
goals described in the record of decisJOn (ROD) for Q,V. # I. September, 1998, 

The approach taken to estimate the 10lal water volume loss was to consider separately the 10og-ICnn 
fluxes due to regional flows and flow ' genenued by tidal variability in the ground water elevation. This 
approacb depends on the approximate linearily of the system, enabling superposition of solutions based 
on different boundary condaions. 

All simulations were perfonmed using tbe United States Geological Survey finite difference ode. 
MOD FLOW (McDonald and Harbaugh. 1988), GW Vistas (ES!. 1999) was used for data entry. 
preparation of repon grnphics and eslimlltion of CDF-C flow volumes. 

2OO1-017.Q12S 
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2.0 HYDROGEOLOGIC EYrING 

The locauan of the proposed CDF-C. shown on Figure I , lies on the W~'l bank of the Acushnet River. 
This portion of the river is also referred to as the Upper New Bedford Harbor. Contours In Figure I show 
the tluckness of W11lifi~L1 deposit, as mt ... rpreted in Williams and Tasker ( 1978). This portion of lh. 
aquifer is relatively ,hallow aod largely isolated from water bearing soils in the remainder of the 
watersboo The bulk of the aquifer is compnsed of glacially derived stratified sands deposited witlun a 
narrow bedrock valley, The sand d~posits thin out to the west due to the relauvely steep bedrock slope 
and overlYlOg glacial till materiaL 

A relatively Impermeable organic clay motendl is encountered underlying the harbor and at the location 
of some onshore borings. Offshore the 
clay thickness varies between 4 "nd 14 
feet. while onshore the clay. where 
presenl, varies between ~ and 6 feet 
(Fost~r Wheeler. 2000) 

Flow is typical of New England 
bedrock valley aquifers. n,e aquifer IS 
bounded by elevated boorock and till to 
the west. no bedrock and ull provide 
relatively lillie gr'lunciwater storage 
capaclly and nre relatively 
Impermeable materials. The aquifer 
recharges In the western upland area 
underlain by the tralllJ~d sand deposit · 
and nows toward the low-lying Upper 
Harbor. Figure 2 shows piezometric 
head observations from monitoring 
wells ncross the aquif'-'r. With silveral 
exceptions the heaLis are generally 
greater to the w<:st [lnd decrease to Ule 
east - Indic.1tmg now from west to 
east. Typically, In valley aquifers of 
this type. now is largely honzontal. 
tenlling downwards in the upland 
JUhargc zones and tending upwards in 
the low lying di.charge zanes. In this 
case, the aquifer recharges in the west 
and discharges through the clay straUl 
inlO the harbor. 

FIgure I. rhicknLSS of "rarified depa'II' afld l"oprJ..lfd CDF-C 
Because the harbor I wide relative [0 its /",·arioll (udapll!djrulII IYilliam, and Tosker, 1978) 

upstream WIdth the water level is antiCipated to be nearly constant over the length of the simulaled 
domnLD. Figure 3 sbows the simulatoo water surface elevation north of the tidal barrier opening aod north 
of CDF-C (US ACE, 2001). The barrier is [0 the south of the model's southern c. teol, while a point north 
of CDF·C would be in the northern half of the model. Dlese re.ults indicate that the water surface 
elevations are simdar for these two locations. The low tide at lhe northern cnd of the estuary (not shown) 
is approximately \->-foot higber than at these other locations , but this IS to the north of the model extenL 
now is therefore largely driven by topography. with the predommant direction of groundwater flow 
perpendicular to the direction of u rface flow in the harbor. 

1110 t.v 17 .() , lS 
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3.0 LONG TERt\. MODEL 

The long-(cnn model is intended to represent the COF-C response to regional flow under average 
conditions Scasoruti variabi lity and variability between wet a.nd dry years are not represented Ln the 
model. The effects of thl variability are con~idered to be second-order eHeeLS. which are considered to 
have les effect on model results than other factors. Olher factors that affect model results are timated 
hydmulic conducuvity of th~ emplaced sediment, variabL~ty III actual day thickness and the estimated 
eITcclLve permeability of the HOPE liner. 

3_1 Model Domain and Horizontal Discretization 

Figure -4 shows the model domnin and the numcncal grid used in soLullon of the groundwater flow lield. 
The rooders eastern edge lies in the center of New Bedford Harbor. As thiS is a valley aquifer, the eenle.,. 
of the harbor may be approximated as a specilied zero-flow boundary (groundwater dIVide) . 
Groundw8Ler east of this llOe will be lravelling in the opposit~ duection from east to west and dischnrglOg 
into the barbor. 

As mentioned above, the groundwater tlow is conSidered to be largely driven bj topography with flow 
from west to east. The northern and southern d main bou ndaries are sufflcielllly far from the proposed 
CDF-C, that stresses imposed at the COF are unlikely to cause detectable changes LO fl ow at these 
boundaries. The boundari~ also roughly colnc id~ with the northern and southern CJttent of sigJIificant 
straufied deposits as indicmed in Figure t. 

The western domain boundary li es atllie approximate western boundary of strallfied depoSits indicated in 
Figure 1. SigoifLcant groundwater fl ows from areas further west are 11m likely due to a rising bedrock 
surface and the presence of 8 dense glacial ull overlying the bedrock. 

The gnd nodes are 25 by 25 feet in the area of mterest 10 and around the CDF, gradually Increasing to the 
north and SQUtll to a height of 100 feeL. This hori~onta l djscretization is more than adequate to represent 
the spatial variability of bead within the domain. 

3.2 Vertical Discretizlltion 

The model was constructed with six layers. Figure 5 shows Ihe m el stmta depicted on an east-west 
profile roughly through the center of the proposed CDF-C (row 70). From the bottom up, layers 5 and 6 
represent the stratified and deposits. Layers 3 and 4 rep resent tbe clay strata found offshore and at some 
onshore locations. Figure 6 shows the. llrea represe.nted as having c lay present along with the recorded 
clay thickness al tndi~idun l soi l bonngs. In those areas where bonngs indicat~ that the clay Slrata i 
absent., the nodes were assigned hydraulic properties consistent With the overlying fill deposits. 

Layers I and 2 represent artificial [iU material over mOSt of 1M onshore model domain. Within rhe COF, 
Iaye.r 2 is u cd to represenl the sand layer thai is to be intrOduced dIrectly ovor the lay layer. Layer I 
within the COF represents the dewatcred contaminated. dredged sediment. 

Layer 2 offshore nodes are assigned a specified head bou ndary condition at Ihe mean tide elevation of 
0.55 feet, NOVO. The hydllluhe conductivity of nodes in this Layer are set to very high values 10 ensure 
that head losses aero the clay layer are deri ved from the clay thickness and permeabi lily and ootlhal of 
Layer 2. 
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3.3 Boundary Conditions 

The boundary conditions follow naturnlly from the description of 
local hydrogeology presented in Section 2 above. TIle western 
bounllary nodes are lero·flux boundane.s as the) bllund areas of 
lev3t<1I bedrock and till. Thi is typical 01 ' ew Engwnd bedrock 

aquifers and COIl5LStem wllh an underswnding of flow represented 
in Massachusetls guidelines for estimation of contributing area to 
wells. The n.orthern and southern boundaries are con~idcred to be 
roughly aligned with the dlteclion of flow 'Uld were therefore al 0 
assigned" Lero-ilux boundary condition. These boundaries also 
roughly cOlOcide with the northern and southern extenl of slratified 
deposits shown in figure I. 

At the easlern OOnl3Jn boundary. in layers representing !he clay 
lrota and sLratified '\lind depo IlS. the nodes are also z.cro Ilux due 

to flt)ws from the aqUIfer underlymg the ell tern bank Offshore 
nodes of Layer 2. the layer above the clay d~posits, are assigned a 
speCified head boumJary condition. TI,ese nodes, shaded blue in 
Figure 9 , are assigned .1 piezometriC head of 0.55 feet. NOVD -
eqUivalent tl) th New Bedford Harbor mean tide elevation . 

_. 
~I 

..J 

------
... 

3.'1 Recharge 

Bent (1995) (lI'i!Senls estimates of recharge to several 
sOlltheaslrrn Massachusetts aquiier composed of slrnrified sand 
deposito like those found in the model dnmain. The r.:charge rate 
in those largd y undeveloped nqulfers ranged between 23.8 and 
25 .2 incbe. per year In the present case, the model domn in i' 
largely developed With a 'igmficnol portion occupied by 
impervious surfaces. Storm dramage systems ID urban etungs of 
this type reduce significantly the portion of water Ihal would 
otherwise recharge the aquifer, 

The propol1lon of Impervious surface WI!!. estimated for diSC Ie 
lones Within the model dorn.'lin. The recharge wi!hin each zone 
wa.~ then Jssigned a value equal LO the product of Lhe 
undeveloped recharge rat~. 23.8 inches per year, and the fraclion 
of unp~ved surface. The location of lones of constant rechllrge 
and the value of recharge in inch per year are howfl in 
Figure 10. The aver,lge recharge mle over the onshore nodes is 6 
inches per year 
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3.5 Calibrntion 

Callbrmion lOvolve. the modIfication of sImulated properties to oblllin a reasonable repre~en[atton of 
measured flow fi eld characteristics by the si mulated fl ow field.. In this ca e. the hydraulic conductivity of 
tbe clay straw (Layers 3 anJ 4) and the hydraulic conductivity of tbe stratified sand deposi~, (Layers 5 and 
6) were mod ified by tnal and error to match simulated and onserved piezometnc head values. It should 
be understood that the calibrated hydraulic conductivities are determined during cahbmLion (or a given 
recharge dis tribution If l1\e recbarge is not accurale tben tlle modeled bydraulic conductiviLies will 
likewise be innccurate. This is a limitation of all groundwater madelin investigations, however it is our 
judgement tbat the recharge rates are reasonahly accurate 

Water lable measurements were drawn from both Haley and Aldnch (1991) nnd Foster Wheeler (2000) 
The measured values ar presented in Figure 2 and Table I. Foster Wheeler (1000) notes groundwater 
elevation measurements at 9 well recorded over the period of October through December 1999. Tbey 
also repen mea uremenL< over a two week period for two wells. MW-4A and MW-5. in the existing COF 
emhanktntnl The head an tllese two wells is approximately 2 feel higher tha n In other m:arby wells It IS 

likely tbe cmbankmem has subSided since the wells were surveyed origma lly. The monitori ng wells 
documented in Haley and Aldrich ( 199 1) were ii'lStnlled as pan of an invesllgation of soils for the planned 
extension of a wastewater main along Belleville Avenue. T hese wells were can trocled In February 1991 
Jnd waler table measurement~ wken in March and Apnl 1991 . These wells werc in general furtber inland 
tban the w~lls con~lrUcled as pan of the CDP-C in> eSligation. 

A scnes of slug [ellts were performed in ovembc[ 1999. The results of those tests nre sulIlIllllri2ed in 
Table 2. Figure II shows the .Iug lest results by strata on a map of tlle model domain Additiorwl tests at 
bonngs PAll. PAI5 and FBI2 are not shown 10 Figure II lIS Ihey are outside the model domain to the 
nonh. The estimated hydraulIC conductivities an: highly variable within eilcb unit due to natural 
heterogeneity of aquifer malenals. The hydraulic conductivi ties of the stratified sand deposits nre 
however consistently greater tllan tll.t of the clay. Tile geomelric mean of the suruificd sand hydraulic 
conducllvlties is 66 ftJday. mort: than 2.000 tImes greater tllan Lho 0.026 ftldny geomernc mean of the cla) 
hydrauliC conducilvity estimates. The ~imulated hydraulic conductivilie were initlally "I to the 
geometric mean of Ihe estimated values. however these. values were modified during calibration . 

Anisotropy of the hydrau lic conductivity increases wu h increas.mg heterogeneity of hydraulic properties 
and with increasing latoml persistence of .tratified systems. The stratified deposils were asSIgned an 
anisolrop) ralio (vertical to horizontal hydraulic conductivity) of 4. The relntivl!ly uru.tratified artificial 
deposits were assigned no anisQlropy ratio of 2 nod the clay strata was assumed to be isotropic. The final 
calibra tion hydraulic conductivity values are shown to Table 3. 

The spoclfic yield of each soil malerial was seL to a value considered to be reasonable far the soil 
descnption. Since the majority of the flow volume through the CDP occurs after the model has reached 
steady Slate the flow volume will not be sensill\ie 10 the specitic YIeld. 

Initially. during the ca libration process. the Simulated clay hydraulic condu tivilY was increased from the 
geametnc mean in order to obtain a good estimate of the near-shore heads . Improvement of Ihe n-shore 
simulated piezometric head was accomplished through red uction of the simulated stratified sand hydraulic 
conductivity. 

Table 2 iJsts tbe residual head (measured head minus simulated head) at each monitoring well and tbe 
resJdual head statistICS. The mean and standard deviation f the residual head is 0.03 f[ and 1.2 ft 
respecllvely. Figures 12 and 13 show contours of the simulaled head In the stratified sand depo ils 
(Layer 6) and the wal~ table elevation. Pig"'" 12 a1sa shows the residual head at each monitonng well. 
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Blue circles indicate wells with poslliv.: residual (measured head> ,imuloted head). while red circles 
ind,,;ate well< with negative rl>siduals (simulated head> mellSlJred head) . In general. the ne'lf-shore 
re8ldmtl error IS less [h.n ~ fOOL. Near-shore monitoring wells. MW-4A and M W-5 are the exception 
with residual error of nearly 3 feet. These wells were reportedly install.:d in soils that have hkely 
subsided ~ince they were originally surveyed To the north of the proposed CDF-C. [he model appears to 
he slightly biased with simulated heads 'xcccding measured heads by V. lu JA feet. The residunl eITor of 
onshore wells nearer to the CDF-C vary hetween -I 99 feet iwd +1.l6 feet. This variability in the 
reSIdual may be a combination of the impacts of local heterogeneity. measurement errors and 
unrepresented seasoMl effects. 
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Table 4 
imulated Hydraulic Conductivity ofCDF Wall Components 

Hydraulic Conductivity Thickne.s 
Componen t (fIldav) (reel) 

Lined Scenario 

Shore Side 
HDPEliner 2.80x10 6 0.0067 

Harbor Side 
HDPE liner 2.80x I0" 0.0067 
Sheet pile 0.28 0.083 
CemerulBenionite 0.0028 2..91 

Unlined Scenario 

Harbor Side 0.28 0.042 

3.6.3 Summary of Results 

One hundred year transient slmulaLions were run for the lined and unlined scenanos. The urne Steps were 
increased gradually from ooc day at the outset of the simulations to three years near the end, that 
shaner lime steps corresponded to the period of most rapid head cbange. Figure..' 17 and 18 sbows the 
cumulauve now volumes io cubic feel out of the CDF after 30 and 100 years, for each verLical aud 
horizontal boundary [or the lined and unhned scenarios. respectivt:ly. The system achieved a stc.1dy state 
flow within appro,uIDlltely a year approaching an equ ilibrium head and flow rate in that time Table 5 
repons the end of simulnuon. t01a1 outflow volu mes from layers I and 2 for each scenario. 

The unhn~d cumulative Layer 2 ournow is more than 200 IJmes those of the lined scenano. In the case of 
the unlined now simulations, the flows are predommantly upward through tbe clay liner and theo out 
laterally througb the east boundary. The tiner changes the flow field significantly. with flow emering 
through the bottom of tlte CDF and tllen ex iling through a downgrad,ent section of the clay The 
cumulative ioflow ill both cases exceeds the cumulative outflow. Thi~ is due 10 the IDcrense of the water 
toble elevation within the CDF from its startmg point of - 1.0 ft to Its equilibrium value. 

The simulated equilibrium head within tlle CDF [or the lined CDF scenario is generally one-tenth to One­
half foot greater than the equilibriulll head in the unlined sunulations. ThiS occurs because of the gre~ter 
resistance to now between the CDF nodes and the specified head nodes in the harbor. While the liner 
slgnificantly increases the resistance to flow in Ule sand layer within the COP. tho incremental increase m 
resistance to now in the sediment strata within the CDF IS minimal because of the low hydraul ic 
conductivity of the dewatered sedunent 

The Layer 1 outflow result is counter-intuitive, with the lined Layer I utllow exccedmg thm of the 
unlined Layer I outflow. One way to understand the impact of the liner construction i~ to consIder the 

Darcy' s law written as q = - 611 , where &r is the head difference over som;: disllInce L and th 
R 

reslst:Jvily, R is given by UK. For now through a sequence of soils, or horizontally through the CDFs 
bamer and CDF soil, the toW resistivity is the sum of the resistivilY of the individual componenls. The 
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resistivity of the CDF unit through the sand i Increased from 55 days to 6834 days. 8ccounung for the 
significBm reductions in now r.hrough llIyer 2 accomplished by construc tion of r.he vertical hner. The 
resisu vlly of r.he CDF unit r.hrough the sedi 01ent (Cor years 1..015) is increased by only 5 percent by 
construction or the liner. The difference ill resistance is e\'en less for years 46-100, where r.he hydrnulic 
conducuvity of the CDF sediment i reduced by an order of magnitude. Por an eql!ivalem flow field. in 
the lined and unlined cases, the flow through layer I would be reduced by approximately 5 percent, 
however the higher heads within the COP In the tined case cause the Layer 1 outflow to mcrease on 
construction of the U nero 

Four sensitivity anaJys~ were performed. 

A 100 by 100 foot area hole was Introduced into thc clay layer underlying the COF. This was 
carried out by changing the soil property assIgnment for 4 nodes (row 65. column 92 - row 66. 
column 93) to tho e of the slrntified deposits (lined aDd unlined. 

2 . Hydraultc conductivity was doubled fo r nooes in me clay stram undllrlying the CO . This is 
equivalent to a 50 percenl reductIon of the cllly layer thickness (lined and unllned), 

3. Recharge rate insIde CDF Increased 100 Limes to 0,0015 in/yr (lined only) . 

4. Uoed wau system modified by removing eastern ponino of wull . 

The computed now volumes for these cases are presented in Figures 19 through 24 aDd Table 5. 

The Imroducuon of a hole in the clay layer had only A margmaJ impact 00 the now through the layer. The 
hole was apparently not large enough to cause SIgnificant chang' in the overall flow l'auems. Doubling 
the hydmulic onducuvity of the clay layer ovcr the whole model reduced nows marginaUy through the 
COF. Increasing the recharge rote by 100 times increases the L.1ycr I outflow by more man a factor of 
te.n . 

. Scenllrio 
Lined COP 

Base ease 
Hole in Clay 
Permeahle Clay 
HIgh Recbarge 

Unlined COP 
Base ease 
Hole in Clay 

Permeable Clay 
Western Li ner 

ZllOt-<lI1-0111l 
'/M)t 

Table :; 
Cumulative CDF·C OulOow Volumes (ft') 

-_. 
]0 years 100 years 

Layer I LUHr2 Layer 1 Layer 2 

3.720 194.000 7.140 526,000 

3,760 198.000 7.220 540.000 
3.570 208.000 6.870 574.000 

29,400 207.000 94.200 575.000 

1, 140 2.260.000 2.040 7,460.000 

1.140 2,270.000 2,040 7.480.000 
1.510 2.940.000 2,660 9.700.000 
1,500 2.040.000 2,940 6.690,000 
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4.0 TIDAL MODEL 

The tidal model was constructed to enable comparison of nows generated by tidal variability in Ih lined 
and unlined scenarios and flows generaled by regional gradients. The transmission of the tidal signal is 
frequently observed In coastal aqu ifers. Tido.l vanabllity appcars as a periodIc signal laggmg belund the 
rise and fall of SUrface water, with an amplitude tnat diminishes with inland distance. In aquifers that may 
be approximated as one-dimensional and homogeneous. the anlplicude dimmishes in proportion to 
'""~ -.c.ff4} where x is the inland distance. T is !he aquifer tran mi 5i ityand S is the storage coefficient 

Therefore transrnis ion of the tidal signal i most intense for hi!:hly transmisSIve aquifers with small 
storage coefficients. Confined mnt.erl:tls are Id~al for transmission of the tidal sigrutl as the storage 
coefficient va lues are several orders of magnilude less than most unconfined materials. 

4.1 Discretization of Model Domain 

A two-dimensional \cl1.ical model was used for analysis of tidal flows. The model is aligned in the east­
we t directIOn with the east boundary in the harbor and the west boundary COinCIdent with the wesrern 
xtent or the CDF The harbor boundary is Ilssumed to be 20 feel east of the CDF while the mtenor of 

the OF extends 265 feet to the wesL Figures 25 and 26 show the model geometry, layer numbers. 
boundary conditiolL~ and material assignmenlS of the lithll model for bOll1 the lined and unlined scenario . 
Model nodes are I fOOL in width at the boundarle~ and reduce 10 ~-foot thraugh the liner and in the n:gioD 
immediately to the west within me CDF. 

The bOllom of the model i at -4 feel. From the bOllom Llp. within Lhe CDF-C, the model consists 01 8 
3 foot thick sand trata (Layers 4 and 5) and 8n addItional 4 feel of sedunenL (Layers I. 2 and 3). The 
embankment on the harbor ide of the CDF-C extends over the full 5-loyer thiclrness. The sheel pile wall 
and HOPE IlDer in we lined scenari os are treated using MODFLOW's horizontal flow barrier package, as 
were the liner walls In the long term model. The three-fOOL thick barrier wall in rhe CDF liner is treated 
explicitly using nodes of lA-foot width. 

The area east of lhe CDF n:presents the CD embankment. The hydraulic conductivity has been set to 
50 ftldlly. consistent with a medium to coarse sand. The horizontal and venlcal hydraulic conductivity ID 

the sand underlying Ihe sediment (Layers I nnd 2) are sct at 3 ftlday and 5 ftlday as In the long-term 
model. The sedimenl lnyers are sel Qt 3xl0 1 ftldny, the villue used in the long term model for the 
dewalered sediment al the Olltset of the simulauons. 

All boundary nodes wcre assigned B no-flow condItion with ule exception of the harbor side boundary. 
The harbor side boundary was assigned a time varying specified head ondition . varying as a sinUSOIdal 
curve between ...{).6 and 3.0 feet, with a period of 12.75 hOUfS. 

4.2 Summary or Results 

The tidal models wen: run for 60 days to ehmmate transients associated with the startIng conditions. 
Time histories of the ple.wmetric head at Ihe eastern model bOllndary Hnd HI various POlDts wimm the 
model are shown in Figures 27 and 28 for tilt lined and unlined scenarios. In me lined scenario, the heads 
within the CDF are Dol vi ibly affected at a distance of 10 feet from the barrier. The heads in the upper 
sediment layer of the unlined scenario are als nOI visibly affected, however in the Lower sand depOSIts 
the tidal signal IS visible, with the heads varying between 0.5 and 2.0 feel. The: lower sand deposils io this 
unlined scenario are acting as a confined aquifer. As explained above, the relatively Iti gb transmissivity 
of the sand strata and low storage oefficienl of a confined aquifer are onducive to the propagation of the 
tidal signal through an aquLfcr unit 
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Figllr~ 26. Modeled stratigraphy af tidal model of u"lined CDF·C. 
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The flows thro ugh the CDF barrier and between the sediment (layer 3) and snnd (layer 4) within the CDF 
were estimated using OW Vistas to process the MODFLOW genera ted output files and plotted for each 
layer over a single [idal period (see Figures 29 and 30). The flows in the unlined case are 00 the order of 
100 Limes those of the lined case. An average outward daily flow through the COP was estimated based 
on the tabulated resulls. The average daily outflow for the unlined case was 0.10 cubic-feet/day per linear 
foOl of the CDF perimeter, while tbe average flow for the lined ca.~e was 0.00023 cubic feet/day per linear 
foot . Based on 8 CDF-C perimeter of 1.476 feet. the lOO-year oUlflow is 1.2xlO· fl.) for the lined CDP-C 
and 5.5" 106 fl.) forthe unlined CDF-C. 

The tidally dnven groundwater flows io the sand straUi within the CDF cause water 10 be pumped in and 
out of the overlying sediment. This is not a sigruficRnt effect for the lined case. with 0.00013 tt'/day per 
linear foot of the CDF perimeter, however the impact's far grealer In the unlined case WIth a daily rale of 
!low of 0.073 ft)/day per linear foot of the CDF perimeter. For a CDF perimeter of 1476 ft. th,s would 
SIgnify 3.9 mill ion cubic feet of water over 100 years [or the unlined case and 7000 cubic feet over the 
same period for the [med case. 
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5.0 SUMMARY OF ESTIMATES EV AL A TING PCB LOSSES FROM CDF C 

5.1 Introduction 

The following section presents lhe application of PCB Pore atef concentrations [Q the groundwater 
flows estimated for the current design of Confined Disposal Facility C (CDF C). 

a) Section 5.2 ummarius previous PCB loss estimates specified in the OU#l Record of Decision 
(ROD). dated September 1998. 

b) Sections 5.3 through 5.5 present the PCB loss estimates based on groundwater modeling. 

5.2 USACE Waterways Experiment Station PCB Loss Estimates 

In a technical memO (FWENC 20ooa) submltted m October 2000. Foster Wheeler reviewed previOUS 
PCB loss estimates conducted by the United Stales Army Corps of Engineers Waterways Experiment 
Station (WES). The review of existing PCB loss estunates WaJS conducted in conjunction with the 
eva luation of alternative contaminant barrier systems for the current design and construction of Confmed 
Disposal Facility C (CDF C). 

5.2. 1 WES PCB Loss Estimates 

PCB losses estimated from the final round 0 contlUl1inant loss evaluation by WES are reported in Table 
6.0. The estimate is based aD assumed hydrogeolOgiC condItions, hydraulically placed sediment and PCB 
loss solely vi a advective groundwater transport. For CDF C, the WES evaluation estimated a PCB loss of 
7.8 kg of PCB's over 30 years and 9.0 kg over 100 years. These estimates were incorporated into the 
Re.:ord of Decision which limit total lasses from all COF's to 37 kg. 

The review of the existing PCB loss estimates suggested the foUowing: 

a) Continue to incorporate chMges in the COF design Md construction inm the leachate loss 
estimates. 

b) Defme groundwater fl ow through COP C, previously Wlsumed by WES by mcorporating the 
current COF C design and using new site specific information. 

c) Evaluate new PCB losses using the above and ompane to those stated in the ROO. 

5.3 Groundwater Modeling and PCB Loss Estimates from Dewatered Material O"erJ)ing 
3 Foot Sand Foundation Layer 

The following section presents th" PCB loss estimates from CDF C using tile groundwater nows reported 
in Sections 3.0 and 4.0. Analogous to the WES loss estimates, the following PCB losses are estimated 
directly by associat.lng a pore water concentration of PCB with the grou ndwater flow determined from the 
modeling. 

A PCB pore water concentration of 0.266 mgfL was used to estimate the loss of PCB from the CDF. This 
concentration corresponds to the pore water concentration used in the previous PCB loss eslIIIJAtes 
completed by the WES The pore water concentration was selected based on batch leaclling testS 
conducted on composite samples of the harbor sediments. The composite sample was prepared to 
represent a hydraulically dredged/placed malerial, commonly referred to as tbe compo. ire I.IJ!per estuary 
sample at a 4:1 water to ediment ratio. The PCB sedimeOl concentration lIsed throughout the WES balch 
leaching tests represented the midrange (in 1989) of PCB concentration in lhe upper estuary portion of the 
Acushnet River (an approx.imate PCB sediment concentration of 1500-2150 mglkg). Further details are 
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provIded In Repon 3 - Leachate Characterization contained in the series of WES Feasibility Studies . A 
large range of PCB concentrations were observed for the baLCh tests conducted on the compos; te sediment 
sample under aerobicJannerobic and saline/fresh water conditions (0.14 to 4.4 mgfL). PrelimwRry tests 
conducted On the dew3tered sediment hnve reponed higber sedJ.menL concentrations thDn the composite 
sample used LO prepare the hydraulic sample (4000 mglkg) . The explanation for this may be attributed 10 

the dewatenng process itself or perhaps to the variability of the harbor sediment. In either ca5e it 
provides some uncertainty regarding the use of 0.266 mgIL in the PCB loss estimates. In addition it 
should be noted that the current scenario for the fi lling of COF-C is that the dewatered cake will be placed 
wllh very litLle compactive effen (i.e. JUSt the dozer load passing over the sediment during placement). 
Tbi will likely leave the ill place dewatered sediment with voids . and potentially a higher permeabilily 
than used in the modeling, and thus a greater potential for groundwater flow through the sedimenL Hence 
consideration of the method of placemcnt may also influence the pore water concenlJ'3tions. By using an 
assumed constant porewater concentration. the mass loss of PCB is directly proportional to the volume of 
"OnLBnUJ1ated water that moves Ihrough the COP 

5.1 I PCB Loss Estimates 

Figures 31 and 32 present schematic diagrams of the groundwater flow within the CDF and at the COF 
boundaries. The net groundwater flows OUI of each sou or sediment layer are summarized in Table 5 and 
shown in deLail tn Figures 17 through 24 . The groundwater flow eXiling the boundaries of the dewatered 
se(hment results in low groundwater flow volumes (see Figure 18). The presence of the 3 ft sand layer 
underlying the contaminated dewatered sedunent may imply a preferential pathway for PCB losse!! . 
Large horizontnl volumelric flows are reponed in the 3 ft sand layer, but the groundwater modeling 
suggeslS that little groundwater is u-ansmiued verttcally to the snnd layer. which results 10 the low 
estimOles of PCB losses. Table 7 repons the ground water volumes and the estimated PCB loss from the 
dewatered sediment (layer I) for the scenarios evaluated groundwater modeling effon. For the base case 
dewataered placed sedlmenl., in an unlined COF, Ihe estimated PCB 10 was approximately 0.009 kg 
Over 30 ye.1rs and 0.02 kg over J 00 years. For base case dcwntered placed sediment. in a lined CDF. the 
estimated PCB loss was approximately 0.03 kg over 30 years and 0.05 kg over 100 years . The loss form 
the !lned ease is slightly greater than from the uwed case because there is greater net flow from the 
dewatered sediment in the tined case (as explained in Section 3.6.3). The estimate does not account for 
contamination migration by diffusion from the dewatered sediment into the sand layer 8t the interface 
between the sed~m~nt and the sand. This process would add to the PCB losses from the dewatered 
sedimertL Conversely. effects of sorption of PCBs to matenals after leaving the dewatered sedIment 
could reduce PCB los es from the COF boundaries. A more significant impact of the sand layer presence 
is presented when considering the gJ'Oundwater losses (rom the tidal impact. 

5.4 Tidallnlluence On Groundwater F low ond PCB Loss Estimates from Dewatered Sediment 

A separate groundwater model wa developed to evaluate the Influence of tidal fluctuations On the 
groundwater exiling along the eastern boundary for an unlined and lined CDF. Table 8.0 presents we 
groundwater flux across the eastern boundary due to tidal fluctuations. along with the estimated PCB loss 
associated with the cootruninated pore water from the COP Again the contamlDant loss IS assumed La 
occur via advecti ve groundwater lmnsporl. and the pore water concentratJon based on the baLCh leaching 
t~ts conducted on hydrau lically placed dredged sediment of 0.266 mg/L For dewaLered placed ediment 
in an onlined COF the estimated PCB loss was 9 kg over 30 years and 11 kg over 100 yean>. For 
dewatered placed sediment in a lined COF the estimated P B loss was 0.02 k over 30 yean; nod 0.05 kg 
over J 00 years. 
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5.5 Summary 

The current groundwater modeling and tidnJ slmuiauon have been conducted to characterize the flow of 
groundwater surrounding CDF C and to estimate the mass of PCB exi tiog the boundaries of the CDF. For 
th is report, and previous reports by WES, the loss of PCB's from the CDF is assumed to be associated 
direclly willl the outward groundwater flow from the dewatered material, that is the concentration of PCB 
in the pare water contnined in the dredged material is transported solely by the groundwater movement. 
The pore water concentration is based on batch leaching tests conducted by WES which represent a 
hydraulically placed dredged sedimem with a PCB sedimeOl concentration of 2,150 mglkg under 
l\llJlerobic testing conditions, and 1,500 mglkg under aerobic conditions. The use of the PCB pore water 
concemrnlioos from the batch leaching tests, aLthough Dot uniquely specific to the dewatcred sediment 
placement method , may be seen to be conservative when considering that the column leaching tests 
conducted 00 the same sample were of an order of magnitude lower. 1£ warranted further colu mn tests 
could be conducted on dewatered sed,ment to confirm that the PCB pore water concentration will not 
exceed those reponed by the batch leaching tests . 

From Section 5.3 ! groundwater transport of PCB contaminated pore water suggested thnt the mass of 
PCB exiting the dewatered sediment would not exceed the level reported in the ROD. From Section 5.4 
the tidal simulalion suggests that the mass loss of PCB existing the CDF will exceed tbe maximum 
requirements slated in the ROD. 
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Table 6 
WES PCB Loss Estimates from CDF·C 

USACE Waterwnys Experiment Station PCB Loss Estimates 

Scdimolll Placemenl 

HJdrauUc Placed Sediment 

Hydraulic Placed Sediment 

2001-017-0128 
5!&1l1 

Time 

(Ynil 

30 

100 

PCB C<Jnce"trntin" 

C,(TPCBl 
(mgIL) 

0.3 

0.3 

5·5 

TOU'l1 Groundwater Flow TolaJ PCB Lo;;s 

IIELP !\1ndcllng Advcclive Loss I k~ ) 

1,138,347 7.8 

400,822 9.0 



UnedCDF 

Unlined CDF 

Lined CDF 

Unlined CDr 

2OO1.{l I 7-ll1 28 
51l1i1l1 

Table 7 
Groundwater Flux and Estimated PCB Loss from CDF-

Scenario 

BaseCnse 
Hoi. in Oay 
Pcrmeabl. Oay 
High R<:cbarge 

SoseCase 
Hole in Clay 
Permeable Oay 

Western liner 

Scenario 

Base Case 
Hole in Clay 
Permeable Oay 
High Recharge 

Base Ca.<;e 
Hole 10 Clay 
Permeable Clay 

Western Liner 

30 Jears 
Volume of Flow (cu-ft) 

Layer 1" 

3,720 
3.760 
3,570 

29,400 

1.140 
1.140 
1.510 

1,500 

100 years 
Volume or Flow (cu-rt) 

Layer I • 

7.140 
7.22U 
6.870 

94,200 

2.040 
2.040 
2,660 

2,940 

" PCB pore'WuJtr concellU1llll~ms eWn1ll11:d based on bnli;h l~cbJng IClif ct'flJCB);o(}266 maIL 
.I • l...Iyer I ~nnC!!l boun.dUry tH [lial.!t'd de"""I«t'd .Y!ilimcnt. eAcIuclu1J; rdninm-oj;saod IlIoytf 
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PCB Loos (kg) • 

Layer I • 

0.03 
003 
0.03 
0.22 

0.009 
0.009 
0.01 

0.01 

PCB Loss (leg) , 

Lo}er J " 

0.05 
O.O~ 

n05 
07 

0.02 
0.Q1 
0.02 

0.02 



Table 8 
Groundwater Flux and estimllted PCB Loss Along Eastern Boundary Due to Tidal Fluctuations 

ESTIMATE OF PCB LOSS FROM RESULTS OF TIDAL SlMULATION 

BoundJlry 
Uner 

lined 
unlined 

Total Outflow from 
Sediment to Sand 

cu-ftlday/(ft perimeter)A 

0,00013 
0,073 

A • Taken from Tidal 
Groundwater Model 

Boundary of 
Offshore 
Sheeting 

Perimeter (fi)· 

1476 
1476 

II _ Based on Current Perimeter of Sheeting 
Design 

Plow Rl1!e Eltinng Total Volume of Flow Total Volume of Row 
the Boundary Exiting Boundary Over Exiting BOlmdary 

(cu-ftJday) 30 Years (cu-ft) Over 100 Years (elt-fi) 

0,2 2,100 7,000 
107,7 J .200,000 3,900,000 

c . Po",,,,,,ter Conceorrarion of 0,266 mgIL Estimllled Based on Results of Batch Leaching Tests Conducted OD 

Hydrauhc3lly pluced Sediment (1500 to 2150 mglkg TrCB) 

MI.()11·QI2h 
;JM) I 
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Esmnnte of PCB 
Loss Ex iting 

Boundary Over 30 
Years (kgf 

O,O~ 

9 

Esumare orJ>CB Loss Exiling 
Boundary Over 100 Years (kg)" 

0.05 
II 
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